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Abstract. The corrosion resistance of MOCVD Al2O3 coating system was investigated to protect a 
TA6V Alloy under hot salt corrosion conditions: This coating was corroded with a salt deposit 
without mechanical loading at 480°C during 100 h. Corrosion products formed in salted areas were 
studied by Energy Dispersive Spectroscopy (EDS). Although all coated specimens were damaged 
with corrosion products presence in salted area, Al2O3 coatings showed the lowest salt damage on 
titanium substrate after a metallographic cross section observation compared to uncoated ones. As 
well as these interesting experimental results, coated specimens exhibit a good adherence on 
titanium substrate 
Introduction 
Titanium alloys have been largely developed for aeronautic components like turboshaft engines, 
because of their good specific mechanical resistance, high tenacity and structural stability. 
However, under severe conditions in presence of aerated salted atmosphere and high temperature, 
corrosion damage can reduce the mechanical properties and lead to a premature failure. Over recent 
years, a variety of protective coatings has been developed for hot sections engines. It is well-known 
that the best salt corrosion barrier is an oxide scale such as alumina, silica or nickel oxide. There is 
2 ways to obtain an oxide barrier: a deposition of an oxide forming coating or direct deposition of 
an oxide layer. These coatings must be thermomechanically and chemically compatible with the 
substrate, with respect to its microstructural, hence mechanical integrity. Previous studies showed 
the beneficial effect of Al2O3 forming alloys for the hot corrosion resistance in chlorine-containing 
environements [1]. In this work, Al2O3 coating was investigated to evaluate his protection 
performance for titanium alloys under hot salt corrosion. This alumina coating was applied by metal 
organic chemical vapor deposition (MOCVD) at 420°C. Such processing temperature allows 
maintaining the microstructural integrity of the Ti alloys. Deposited films are 180 nm thick and are 
transparent and amorphous. Their moderate thickness allows sustaining stresses originated from 
CTE mismatch between the coating and the substrate. 
Experimental 
MOCVD processing of the alumina coating 
Deposition of the coating was performed from aluminium tri-isopropoxide under nitrogen flow in a 
horizontal, hot-wall reactor. Processing temperature and pressure were 420°C and 5 torr, 
respectively. Such processing temperature deposition was fixed not only in order to obtain the 
amorphous alumina phase but also to maintain the microstructural integrity of the substrate. Flat 
TA6V substrate samples were ground using a 600 grit abrasive SiC paper before surface treatment. 
This roughness value is similar to the roughness of aeronautical components in gas turbine engines. 
Deposition time of 2.5 min provided 180 nm thick films as was measured by reflectometry. Films 
are transparent, present a smooth appearance and do not contain any heteroatom, namely carbon. 
Alumina coating properties 
The surface morphology of the coating was examined with an AFM (Veeco Nanoscope IIIa ) in 
contact mode with a nitride silicon microlever under air atmosphere, and its structural homogeneity 
by lateral force in parallel (LFM). Because LFM is very sensitive to differences in the chemistry of 
the surface [3], it would indicate any differences in the chemistry between the coating and the 
substrate (Fig. 1). Although  the initial surface roughness of the substrate, the alumina film seems to 
be present all over the substrate surface, on peaks and valleys of surface topography (Fig. 1A). A 
low friction variation on LFM image seems to confirm a chemical homogeneity of the surface (Fig. 
1B). 
 
 
Fig. 1. Alumina film on TA6V substrate. (A) is a contact mode topology image, while (B) is the 
LFM image of  the same area (“chemical image”). In LFM image, lower friction is darker shade.  
Hot salt corrosion tests 
Hot salt corrosion tests were performed on coated samples after NaCl deposit. The salt deposit was 
obtained by applying a calibrated droplet of saline solution on sample surface. NaCl solution was 
prepared with natural sea salt and deionised water. The salt crystallisation was achieved in an oven 
for 5 minutes at 115° C. This procedure allows obtaining a reproducible deposit. The deposited 
mass of NaCl was 120µg with a local salt concentration of 3 mg/cm
2 
(Fig. 2). This local salt 
concentration is 10 times greater than that present in engines exposed to severe service conditions 
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[4]. The salted sample was then placed in a furnace to 480° C during 100h. After the experiment, 
the degradation mechanism was observed by optical microscopy after immersion in deionised water 
to eliminate residual salt. In order to compare the effect of NaCl on coated sample, uncoated TA6V 
specimen was evaluated in the same conditions for reference. 
       
Fig. 2. Calibrated salt deposit after crystallisation on alumina coating. 
Results and discussion 
Hot salt corrosion behaviour of coated samples. Fig. 3 presents optical surface micrographs of 
uncoated TA6V sample (3A) and (3B) Al2O3 coated sample. A significant amount of small 
corrosion products (revealed in white) can be observed on the reference (uncoated) sample. In 
contrast, only a very small amount of such corrosion products are present on the corroded area of 
the Al2O3 coated TA6V alloy. 
                                   
 
Fig. 3. Optical microscopy of water washed samples after salt attack at 480°C/100h (A) uncoated 
TA6V sample (B) Al2O3 Coated sample. 
 
The observation of corroded area for the latter sample by Scanning Electron Microscopy (SEM) 
indicates that pitting corrosion is the mode of degradation under the present experimental conditions 
(Fig. 4A). However it appears less severe compare to the uncoated sample (Fig. 5). At higher 
magnification, this attack seems to be due to local imperfections in the oxide film because of 
substrate Roughness (Ra=47 nm, Rt=300nm), and/or low thickness of oxide scale (Fig. 4A). In the 
center of corroded area, the salt attack is not significant.  
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Fig. 4. SEM observations of corroded damage on alumina coating (A) low salt attack (B) salt attack 
on superficial defect (C) No visible salt attack at the center. 
 
These results are in agreement with previous studies [5]. It is well known that the presence of 
chloride ions leads to pitting attack, which generally initiates at imperfections in the oxide film. 
These chlorides penetration can facilitate the reaction with the substrate.  
In order to study the extend of salt attack, the corrosion depth was measured after a metallographic 
cross section (Fig. 5). The results clearly show that the depth of salt attack is higher on the uncoated 
sample than alumina coated sample (26 µm and 3 µm respectively). 
                                                                                                  
Fig. 5. Quantitative evaluation of corrosion damage after salt attack at 480°C/100h. 
TA6V SEM observation and (B) Al2O3 SEM observation.  
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Degradation mechanism of alumina coating. The nature of corrosion products was revealed by 
Energy Dispersive X-ray spectroscopy (EDS) analysis and morphological examination (Fig.6). The 
major chemical elements detected near the location pits were Ti (52 wt%), O (31 wt %), Al (7 
wt%), Na and Cl less than 2 wt%. It is concluded that corrosion products are composed mainly of 
oxides phases with the presence of remanent sea salt.  
 
Fig. 6. EDS analysis on corrosion products near a pit in salted area. 
 
 
The surface morphology of localised salt attack suggests that the salt deposit reacts with the 
titanium substrate to form corrosion products under the alumina coating. This volume change leads 
to its breakdown (Fig. 7). It’s generally believed that the NaCl-induced hot corrosion is dominated 
by the chlorination/oxydation reactions [1, 6].  
 
Fig. 7. Surface morphology on localised salt attack. 
 
Conclusion 
Exposure of TA6V alloys to sea salt air atmosphere results in heavily corroded materials, with 
compromised mechanical performance. Application of protective coatings is a potential solution to 
meet this problem. 
MOCVD alumina coatings on TA6V strongly improve the resistance to salt attack. The corrosion 
mechanism changes from uniform attack to pitting attack. Initiation of this localised corrosion is 
attributed to the imperfections of the coating. It is concluded that this is a promising coating for hot 
corrosion protection. 
Future work will aim the fine tuning of the MOCVD process in order to obtain adherent coatings 
with thickness equivalent to or higher than the surface roughness of the samples; i.e.  300 nm.  
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